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Abstract

The City of Tampa, Florida has instituted water restrictions over the
past decade that have been primarily aimed at mitigating non-essential
usage of water resources by limiting domestic lawn irrigation. The
mandatory restrictions are enforced by the issuance of citations to
violators, which is intended to promote compliance and deter from
subsequent violations. This thesis provides a thorough investigation of
historical water restriction with relation to compliance in order to
determine which factors might be related to high rates of water usage
within key Tampa communities. The objectives are to: (1) develop a GIS
data set that can be used to quantitatively map and analyze domestic
water usage at the parcel level; (2) examine the relationships between
domestic water usage and key environmental and recreational factors,
such as rainfall, seasonality, and usage of swimming pools; and (3) map
the enforcement of residential lawn irrigation policy non-compliance to
determine spatial relationships within the communities and test the
effectiveness of current enforcement practices. The key factor that
provided the most significant relationship to water usage within the
communities was the amount of average monthly rainfall, with each
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community’s water consumption having a significant negative correlation
with precipitation. Water usage increased in each examined community
after transitioning to more stringent water usage restrictions, with cited
restriction violators increasing usage to a greater magnitude than their
uncited counterparts. This may primarily be attributed to contradictions
between local policy and community binding directives.
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Chapter 1: Introduction

The issue of water scarcity is of immense concern in many major U.S.
metropolitan areas. This is primarily attributed to factors such as water pollution,
population increase, and conflicting water demands in urban, industrial, and
agricultural sectors. One of the cities impacted by water shortages is Tampa,
Florida. The population of Tampa has increased from 303,447 individuals in 2000
to 335,709 in 2010, which would account for a 10.6% increase during the time
frame (U.S. Census Bureau, 2011). According to the medium projection model of
the Bureau of Economic and Business Research of the University of Florida, the
population of Hillsborough County is projected to increase 21.3% beyond the
2009 estimate to 1,449,900 individuals by 2020 (BEBR Medium, 2009). Domestic
use of water resources has increased over the past decade as a result of this
population growth (Water Restrictions, 2009).

However, what truly threatens

the water security of Tampa, are the periodic decreases of supply due to drought
in conjunction with the demand of the population.
Historically drought conditions have urged governing bodies to mitigate
domestic water use through watering restrictions.

According to long-term

climatic records, Tampa averages approximately 50 inches of rainfall annually
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(Augustin, 1983). However, the historical and potential evapotranspiration rates
place Tampa into a water deficit for most months of each year with a rainfall
surplus primarily during June through September. The Water Management
Districts of Florida, the governing bodies for water usage and permitting within
the state, have initiated policies to avoid service interruption (Outdoor Water,
2009). In addition, local governments have adopted the policies and some have
even produced more stringent restrictions than that detailed by the Water
Management Districts. The restrictions include, but are not limited to, lawn
irrigation and the use of decorative fountains and power washers (Water
Restrictions, 2009).
In March of 2000 the city of Tampa signed into law city Ordinance 200069, which restricted nonessential uses of water resources. This law specifically
addressed provisions for enforcement and penalties that limited domestic lawn
irrigation to once per week. These restrictions were established in reaction to
the reduced flow of the Hillsborough River in conjunction with lack of significant
rainfall and the low level of water storage provisions.

The City enacted this

policy to conserve water to protect the health, safety and common welfare of
Tampa’s citizens.

Since the enactment of Ordinance 2000-69 Tampa has

oscillated between policies that restrict domestic irrigation to differing
magnitudes based on climatic conditions and resource availability.

If current

domestic water usage per capita remains at the current level of consumption in
conjunction with the projected population of the county and reiteration of
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drought conditions, water resources will be extremely strained within the Tampa
area.
The inherent weaknesses of the current restrictive policies are manifested
through the difficulties of enforcement, citizen adherence, structure of the
restrictive regime, and apparent contradictions with binding deed restrictions that
require lawns to be kept green. Extensive research is crucial in order to
determine if the current restrictions should be sustained or restructured to
further mitigate domestic water usage. The policies examined within this
research do not place into account the water requirements needed to sustain a
healthy lawn, but instead were initiated in order to sustain the population’s
essential water requirements. However, St. Augustine and Bermuda grass are
the typical grass species recommended by deed-restricted communities within
Florida suburbs (Trenholm et al., 1991), and these species require two and three
scheduled irrigations a week to maintain expectable turfgrass quality during
summer months (Trenholm et al., 2002).

The City’s policies have historically

alternated between prolonged periods restricting irrigation to once and twice a
week watering, which creates a dilemma for homeowners who are required by
their community binding directives to maintain healthy turfgrass. Tampa has
adopted state policies that allow homeowners to replace their existing lawn
structures with native species that have less water requirements, but the
adoption of such landscape regimes has been sparse.
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In order to clarify apparent contradictions between local policy and
community binding directives, this research will attempt to distinguish residential
water use patterns and magnitudes within deed restricted communities and map
enforcement mechanisms using high-resolution geographic information system
(GIS) analysis and other strategic mapping methods at the community level.
Explicitly, this research will: (1) Develop GIS data sets that will be used to
quantitatively map water usage at the parcel level. (2) Examine the relationship
between domestic water usage and key environmental and recreational factors,
such as rainfall, seasonality, and usage of swimming pools.

(3) Map the

enforcement of residential lawn irrigation policy non-compliance to determine
spatial relationships within and between the communities and to test the
effectiveness of current enforcement practices. This research focuses on three
key deed-restricted communities located in northern Tampa, Florida. An in depth
look into domestic water usage in such communities will ultimately help
environmental managers to effectively enact and enforce policies which are
aimed to protect our most precious resource.
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Chapter 2: Background

There are four primary types of domestic water conservation and
mitigation strategies used within the United States, which include: rationing
(Ciriacy-Wantrup, 1955; Lund, 1995; Mercer and Morgan, 1989; and Nelson,
1979), usage restrictions (Brennan et al., 2007; Kenney et al., 2004; and Mayer
et al., 1999), pricing (Brennan et al., 2007; Dandy, 1992; Grafton and Ward,
2008; Heshner et al., 2006; Timmins, 2003; and Williams and Syme, 1990), and
technology (Haley et al., 2007; McCready et al., 2009; Pereira et al., 2002; and
Renwick and Archibald, 1998). These strategies are not mutually exclusive and
hybridized versions incorporate elements of multiple strategies. The literature
does not arrive at a clear consensus to which stand-alone strategy has the
preeminent effect over its counterparts. This is due to a multitude of differing
variables within each specific study area. The following material will provide a
comprehensive analysis of the main types of strategies employed within the
United States.

A review of all strategies being employed is essential to fully

understand all possible and viable options that could be adopted at the local
level. Material that examines the cultural perspectives related to the lawn is also
included to provide rationales for the establishment and persistence of
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standardized suburban lawn conformity. In addition, this review will present the
strategies that are currently being administered within Tampa, Florida.

Rationing
Rationing, which has traditionally been confused with interruption, is a
less evasive approach to water conservation than service interruption, and
functions by controlled distribution to specified sectors. Interruption is defined as
an entire disruption of supply with regards to water allocation, where rationing is
typically instituted without a complete disruption. Service interruption typically
takes place in less developed countries where there is a deficient infrastructure
to measure individual usage; thereby water management authorities institute
rotating service outages amongst all sectors regardless of previous consumption
(Chau, 1993; Hensher et al., 2006; Roibás et al., 2007; and Woo, 2004). Curbing
water usage by this strategic method can impart immense social welfare losses
(Woo, 2004). Nevertheless, authoritarian governments ascertain the strategy of
interruption as a necessary means to conserve water resources to benefit the
population as a whole despite scientific research that concludes to the contrary
(Roibás et al., 2007).

Therefore it is not a strategy used to conserve water

within the U.S. The most evasive strategy used within the U.S. would be water
rationing. This strategy has traditionally been applied in the western state of the
US and typically is sought after as a last resort in water resource management
initiatives (Ciriacy-Wantrup, 1955).
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There are three traditional methods by which rationing can be instituted,
which include: fixed allotment, percentage reduction, and conservation credits
(Lund, 1995; and Nelson, 1979). Rationing by fixed allotment is the allocation of
water by volume to all residential, commercial, and industrial consumers. The
amount allocated is based upon multiple factors such as number of household
members, number of employees, or historic usage (Nelson, 1979). This form of
rationing can be difficult to administer equitably with non-heterogeneous
populations. Rationing by percent reduction is an approach that allocates rations
by a percentage of usage from the previous year’s baseline (Nelson, 1979).
This approach can be problematic when trying to define the base for the
reduction

percentage

and

potentially

can

discourage

long-term

water

conservation (Lund, 1995). The issuance of conservation credits also provides for
a creative type of rationing scheme.

This allows the individual consumer to

accumulate credits for conservation beyond the allotted ration to be used at a
differing point, however this tactic is ineffective when drought periods are
relatively short (Lund, 1995). When drought periods are relatively short, water
use restrictions are primarily used to curb usage.

Restrictions
Lawn irrigation within Florida accounts for 61% of domestic water usage
(Fernald and Purdum, 1998). Even in the arid west, lawn irrigation has been
measured to exceed 50% of domestic water usage (Mayer et al., 1999). Lawn

!

%(!

irrigation represents the largest portion of domestic water usage across the
United States (Fernald and Purdum, 1998; Mayer et al. 1999). In addition, lawn
irrigation accounts for at least half of all water consumed by the domestic sector
in most of Australian capital cities (Brennan et al., 2007). In-ground automated
irrigation systems, which are a staple of present home construction within
Florida, have been revealed to use 47% more water than above ground methods
of irrigation (Mayer et al., 1999) further exacerbating unessential usage of water
resources.

Furthermore, automated systems typically do not provide suitable

water distribution uniformity to appropriately irrigate turf landscapes and have
many inherent inefficiencies that impart water losses (Haley et al., 2010)
Therefore, restricting outdoor water usage provides an excellent opportunity to
mitigate domestic usage.
Restrictions can take two primary forms, which are voluntary and
mandatory. Voluntary water restrictions are typically used when there is not a
serious threat to water resources within the defined area of the imposed
restriction and are subject to voluntary cooperation that is neither rewarded nor
punished if adhered to. Mandatory restrictions are typically administered to the
public when there is a perceived threat to water security within the defined area
and typically work in conjunction with an enforcement mechanism that promotes
compliance through citations.
Kenney et al. (2004) included data from regions that possessed
mandatory and voluntary water restrictions that primarily focused on residential
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lawn watering restrictions during a prolonged Colorado drought. They found that
mandatory restrictions proved to have greater results than voluntary restrictions
even when counting for climatic variability between the studied areas. Water
restrictions can be useful at mitigating domestic water usage, but the restrictive
policy is only as effective as the enforcement mechanism. From an economic
standpoint it has been measured that stringent time restrictions have a greater
economic cost than an equivalent price increase. This is due to the variations in
the demand curves and response times between households (Dandy, 1992).
Thereby, pricing water is an alternative strategic approach that has the potential
to establish greater ability to exercise control over the resource.

Pricing
The primary attribute examined when water managers are pricing domestic
water is the price elasticity of demand (Williams and Syme, 1990). In general,
the literature suggests that the price of domestic water is inelastic in regards to
the demand changing in relation to price increases or decreases (Brennan et al.,
2007; Grafton and Ward, 2008; Heshner et al., 2006; and Timmins, 2003). In
addition, the burden of conservation typically falls on low-income households
where the demand within this sector can fluctuate based on pricing (Renwick
and Archibald, 1998; and Timmins, 2003). Water resource managers typically
choose alternative strategies of water conservation that are perceived to be more
equitable among citizens. This presents a growing dilemma with water resource
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management, as the price of domestic water is much lower than the cost of
extraction and allocation (Timmins, 2003).

When researching price elasticity

within Santa Barbra and Goleta, Renwick and Archibald (1998) found that a 10%
increase in household income increased the monthly household water demand by
3.6% which is comparable to other residential water demand studies (Howe and
Lineweaver, 1967; Jones and Morris, 1984; and Nieswiadomy, 1992). Research
suggests that the lowest income households provide the largest conservation
burden with regards to water resources (Renwick and Archibald, 1998). Using
home value as an indirect indicator of income in conjunction with measuring the
responsiveness of price by differing home value profiles can provide evidence of
price responsiveness. Research using this methodology has revealed massive
inequities when pure pricing water based on usage without block structures
(Whitcomb, 2005). In addition, homes with lower household income were more
responsive to price increases than homes with higher household incomes
(Renwick and Archibald, 1998).

Technology
Many water resource scarcity and conservation issues can be mitigated
with emerging technologies available at the residential level. A thorough review
of emerging technologies is imperative, and with government cooperation these
technologies can be used to help conserve water.

Implement emerging

technologies for water management and developing insightful methods for
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analyzing social, economic, and environmental benefits of enhanced irrigation
management are of grave importance (Pereira et al., 2002). Sound management
practices are at the core of water conservation.

Technology can promote

sustainability to meet future population needs. Smart irrigation technologies,
which include evapotranspiration (ET) based controllers, soil moisture sensor
(SMS) controllers, and rain sensors (RS) can be used at the domestic level of
irrigation to reduce water use over differing rainfall patterns and still maintain an
acceptable turfgrass quality (McCready et al., 2009).

Nevertheless, proper

installation of the technologies is key in determining the effectiveness of the
irrigation water reduction. Setting irrigation controllers to historical ET can
produce significant reductions in irrigation water use (Haley et al., 2007).

Cultural Perspectives of the Lawn
It is conventionally accepted that water has been channelized and
displaced from its natural cycle in order to serve human population needs.
However, it is now is being abused as a symbol of status by the creation of highresource input lawns. Domestic water use encompasses 61% of public supply
withdrawals within Florida (Fernald and Purdum, 1998). In addition, research
has shown that nearly one-half of the domestic supply of water in Florida is
dedicated to lawn irrigation (Landscape Irrigation, 2006) and has been measured
to be in excess of 64% in central Florida (Haley et al., 2007). The residential
development of Tampa over the last decade has been primarily dedicated to
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subdivided suburban lots that boast high-input monoculture lawns (Robbins and
Birkenholtz, 2003).

Beyond the health benefits associated with a pest-free

monoculture lawn, there are pronounced physiological rationales for their
existence.

Humans have an intrinsic partiality for open spaces that provide

simplicity in form and function (Hiss, 1990).
The significance of the lawn can be traced as far back as William
Shakespeare. As denoted in Hamlet, Act 1 Scene 2, “Fie on't! Ah fie! Tis an
unweeded garden” (Shakespeare, 1601).

This line denoting the displeasure

Hamlet felt towards the joining of his widowed mother to his uncle by using the
metaphor of an unweeded garden to indicate impurity within their joining and
defilement to the kingdom. It has been noted that the current ideologies of the
monoculture lawn can be traced to the privileged French and British landscapes
of the 16th and 17th centuries and is a variation in the scale and structure. It has
also been tied to statesmen such as Andrew Jackson Downing and Thomas
Jefferson, who envisioned landscape as intertwined in the progress of
democracy, liberty, and moral health (Feagan and Ripmeester, 2001). Downing
held that people’s pride in their country was tied to pride in their home, and to
signify patriotism and pride one must tend to their home appropriately. This
constructed

ideology

has

perpetuated

throughout

the

formation

and

industrialization of the United States and has carried a significant burden with its
continued adherence. As of current, lawn is not any longer an elitist enterprise
displaying patriotism.

!

American’s have become more affluent and have
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expanded their personal landholdings to the suburbs, which in effect has
increased the expansion of the lawn (Robbins and Birkenholtz, 2003). The postWorld War II era of nationalism, identity, and community led to shifts in work
and leisurely activities.

The lawn has become an association with private

enterprise of personal property. It has magnified beyond its physical presence
and manifested into a symbol of public order. An orderly lawn is an essential
element in developing an appropriate social and moral directive for keeping the
other at bay (Feagan and Ripmeester, 2001). The commodification of the lawn
and the aesthetics associated with it are now a reflection of purity, cleanliness,
and decency within the American suburb (Feagan and Ripmeester, 2001).
Researchers suggest that the aspiration to sustain one’s yard may be
motivated in part by the desire for neighborhood solidity and/or conflict
avoidance (Hirsch and Baxter, 2009).

In addition, residents may perceive

conformity with water restrictions as a sign of neighborhood degradation and
therefore are encouraged to avoid conflict with neighbors by maintaining
normative yard care standards (Hirsch and Baxter, 2009). It can be debated that
the greatest part that the lawn plays in the social process is ideological;
supporting a set of concepts and standards about the way a society should be
organized (Feagan and Ripmeester, 2001).
The two current forces that could potentially lead to the continued
establishment of greener lawns by homeowners are centered on community
cohesiveness and pride. The fear of not being accepted by the neighbors and
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the community constitutes a primary driver. This is evident by homeowners
associations that monitor and enforce the health of the laws and their request for
uniformity in the neighborhoods. In addition, the self satisfaction attained by
individuals creates the need to maintain a green lawn that promotes and
symbolizes self-pride. It is part of our culture to maintain an image that would
display our success. The culture of the lawn is the story of our existence in
conquering nature and making us proud accomplishment regardless of the
environmental consequences.

Tampa’s Historical Local Policy
The water demand from Tampa citizens has periodically exceeded the
availability throughout the past few decades and water was purchased from
vendors to meet the demand. Contributing factors include inadequate rainfall,
escalating irrigation demands, and decreased flow in the Hillsborough River
(Water Restrictions, 2009).

In addition, the decreased flows into the

Hillsborough River have caused Tampa’s reservoir level to decline faster and
recover more slowly than in past years. Tampa’s reservoir provides 90% of the
treated water distributed to Tampa Water Department customers and is the
primary source of drinking water for the city.

In order to conserve water

resources, water use restrictions have been enacted to help ensure a sufficient
quantity of drinking water for the Tampa community (Water Use, 2009). The
City of Tampa’s outdoor water use restrictions are in effect for all residents

!

'&!

within the corporate limits and to residents outside the corporate limits to the
extent permitted by law. However, hand watering of new and established lawns
was not restricted.

For the past decade Tampa’s water restrictions have

oscillated from once a week to twice a week lawn irrigation in order to curb
demand and mitigate water resources.
The following restrictions were signed into law and were in effect from
March 16th 2000 to November 24th 2003 per City Ordinance 2000-69. The lawnwatering schedule permits residents to irrigate once a week for established
lawns, and was as follows for the City of Tampa:
•

Addresses ending with an even number or letters A through M, only on
Tuesdays

•

Addresses ending with an odd number or letters N through Z, only on
Sundays

•

Irrigation of properties was prohibited during the hours 8:00 a.m. to 6:00
p.m. on permitted days and is prohibited at all times on Monday,
Wednesday, Thursday, Friday, and Saturday
The following restrictions were signed into law and were in effect from

November 25th 2003 to May 4th 2006 per City Ordinance 2003-316. The lawnwatering schedule permits residents to irrigate twice per week for established
lawns, and was as follows for the City of Tampa:
•

Addresses ending with an even number or letters A through M, only on
Tuesdays and Saturdays
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•

Addresses ending with an odd number or letters N through Z, only on
Sunday and Wednesday

•

Irrigation of properties was prohibited during the hours 8:00 a.m. to 6:00
p.m. on permitted days and is prohibited at all times on Monday,
Thursday, and Friday

The following restrictions were signed into law and were in effect from May 5th
2006 to December of 2010, per City Ordinance 2006-104. The lawn-watering
schedule permits residents to irrigate once a week for established lawns, and
was as follows for the City of Tampa:
•

Addresses ending with an even number or letters A through M, only on
Tuesdays

•

Addresses ending with an odd number or letters N through Z, only on
Sundays

•

Irrigation of properties was prohibited during the hours 8:00 a.m. to 6:00
p.m. on permitted days and is prohibited at all times on Monday,
Wednesday, Thursday, Friday, and Saturday

More stringent policies were present within Tampa during the spring of 2009.
This policy restricted lawn irrigation to hand watering only, which is a common
water restriction that is usually implemented to completely ban the use of
automated in-ground sprinkler systems and permit households to substitute for
labor-intensive hand-held watering (Brennan, 2007).
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Policy Effectiveness
One of the most crucial steps of the policy cycle is the evaluation of the
policy. Measuring the effectiveness of a policy is paramount in determining if the
policy should remain as it is, or be augmented to produce more beneficial
results.

The key criteria for policy evaluation include validity, importance,

usefulness, originality, and feasibility (Nagel, 1990). The aforementioned policies
within the City of Tampa were formulated to mitigate unessential usage of
domestic water. Unessential usage is defined partly as domestic irrigation and
reflects what the city of Tampa deems as unnecessary. However, for some
homeowners the irrigating of their turf grass may be considered an essential
component of their water usage. Nevertheless, the policies can be deemed valid
when water security for essential human requirements is compromised.

The

drought conditions faced within the region have threatened Florida’s water
security, and policies initiated to conserve water are of grave importance.
However, without an around the clock enforcement mechanism coupled with
citizen adherence the policies produced by the local governments cannot be
feasibly enforced. However this research will determine the effectiveness of the
aforementioned restrictions.
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Chapter 3: Research Goals and Objectives

This research utilizes GIS mapping and methods to identify irrigation
water use patterns across specified deed-restricted communities located in
Tampa, Fl. GIS is also used to determine the effectiveness of enforcement
measures related to violations of lawn irrigation restrictions.

This research

utilized high-resolution data collected at the parcel level for a more
comprehensive analysis and mapped individually enforced violators within key
communities. The three primary individual research objectives include:
1. Develop a GIS data set that can be used to quantitatively map and
analyze domestic water usage at the parcel level within the study area;
2. Examine the relationship between domestic water usage and key
environmental and recreational factors, such as rainfall, seasonality,
and usage of swimming pools;
3. Map the enforcement of residential lawn irrigation policy noncompliance to determine spatial relationships within the communities
and to test the effectiveness of current enforcement practices.
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This research intends to provide water resource managers with a
thorough investigation into the effectiveness of historical water restrictions and
determine what factors may be related to high water usage within specific
Tampa communities. An in depth look into domestic water usage in such
communities will ultimately help environmental managers to effectively enact and
enforce policies which are aimed to protect our most precious resource. The
apparent contradictions between local water restrictions and community binding
directives that stipulate normative yard maintenance require investigation. This
research will present and develop replicable tools and clear methodology for
analyzing water consumption between Tampa communities and among enforced
residents within the specified communities. Inventive methods for analyzing and
governing water usage are of grave importance when presented with the
synergistic effects of population expansion and drought conditions within urban
landscapes. This research will constitute an analytical representation of faults
within current local practices for conserving our most precious resource.
Restrictions are a superficial solution to a deeply psychologically rooted
issue.

The tenets of normative yard maintenance extend much further than

simply creating a monoculture of landscape. The yard, sidewalk, and driveways
are considered interactional spaces which if maintained in a manner that is
aesthetically pleasing; they promote positive interactions reducing conflict
between neighbors (Hirsch and Baxter, 2009). Resource managers can begin to
address these underlying issues by understanding key characteristics of residents
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whose water usage did not significantly change during increased water restrictive
years.

The enforcement examination component of the research will be

sufficient to evaluate current enforcement mechanisms, and will highlight areas
where enforcement practices need improvement.

This will be informative to

water resource managers and have the potential to aid conservation efforts
within Tampa, Florida.
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Chapter 4: Study Area

Tampa is located midway along the west coast of Florida and serves as
the administrative center for Hillsborough County Florida. Its incorporated
boundaries total 170.6 square miles, which are comprised of 112.1 square miles
of land and 58.5 square miles of water (Hillsborough County, 2010). The current
population of Tampa is 335,709 individuals, which is a 10.6% increase from the
previous 2000 United States Census (U.S. Census Bureau, 2011). The study area
is comprised of key communities within the zip code 33647 that are bound by
Interstate 75 to the South and West, Morris Bridge Road to the East, and County
Line Road to the North (Figure 1). The community names are West Meadows,
Hunter’s Green, and Arbor Greene.
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Figure 1. Map of zip code 33647 within Tampa, Florida
According to the Southwest Florida Water Management District (SWFMD),
Tampa, Florida was under a Phase III Extreme water shortage alert during thirty
of the sixty months that were examined within this research. SWFMD analysis of
drought indicators includes characterizing conditions either as normal or one of
four degrees of abnormality. These four degrees are moderate, severe, extreme,
and critical and are based on a comparison to historical data (Water Restrictions,
2009).
Increased ambient air temperature in conjunction with decreased
precipitation rates and rising water usage have historically and can potentially
put the city into the critical degree of abnormality. Throughout the last decade
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Tampa has oscillated through all the varying degrees of abnormality.

With

reaction and compliance to the water authority the city of Tampa adopted their
own version of water restriction policies from SWFWMD recommendations. The
city adopted specified policies to curtail domestic water usage during the sixtymonth study period that must be adhered to within the city’s incorporated
boundaries.
The area with the highest incidences of enforced irrigation violations is
within postal zip code 33647. Conventional knowledge would dictate that zip
code 33647 would be the perfect area to establish if the enforcement and
adherence to the city’s watering restrictions are effective at reducing domestic
water usage due to the high incidences of citied restriction noncompliance. The
three aforementioned communities of West Meadows, Hunter’s Green, and Arbor
Greene were hotspots for enforced violations for the past decade. The residents
of these deed-restricted communities are placed in a highly contradictory
position. These single-family homeowners are enforced by the City of Tampa to
limit lawn irrigation, and enforced by their community binding directives to
maintain a healthy green lawn. The residents must choose to adhere to Tampa’s
restrictions and avoid monetary penalty, adhere to their homeowner association’s
directives to avoid monetary penalty and costly lawn replacement, or devise
cunning irrigation regimes to avoid community and legislative backlash.
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Chapter 5: Methods

The primary data used to formulate this research includes: (1) archived
City of Tampa water restriction policies, (2) parcel data of individual land
holdings, (3) individual parcel water usage data, (4) addresses of water
restriction violators enforced within Tampa, and (5) rainfall and pan evaporation
data.

Data Collection and Data Set Development
The first step of the research was to create a data set summarizing water
usage by month during once a week and twice a week restrictive periods. The
water usage data was obtained from Tampa Bay Water, which includes water
usage by month for individual addresses throughout the entire City of Tampa.
The data was adopted from Tampa Bay Water’s GOVNET program. In June 2007,
Tampa Bay Water began to develop high-resolution water distribution application
for analyzing water usage obtained from billing archival and current billing
records.

The ensuing application was named GOVNET, and was used for

managing all future conservation efforts. The data resides in Tampa Bay Water’s
enterprise GIS system, which incorporates a multi-terabyte ArcSDE geo-database
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server and numerous non-spatial SQL servers used to accumulate differing water
quality, consumption, SCADA, and wetland data (ESRI, 2008).

The data is

comprised of time-series billing data from all member governments, which
include: Hillsborough County, Pasco County, Pinellas County, City of New Port
Richey, City of St. Petersburg, and City of Tampa. All data was recorded at a
monthly basis from 1998 to the present for over 500,000 individual water use
accounts and geo-coded to a physical parcel (ESRI, 2008). This source was used
to create a data set that was useful for analysis.
Selection of the study area was strategic, in that the area had to meet
three specific criteria in order to be evaluated within the research. First, the area
could not have availability to use reclaimed water for irrigation. If the area did
have availability of reclaimed water the domestic usage could have the potential
to be highly skewed and non-representative. Second, the neighborhoods to be
examined were required to have started major construction of the community
within the last 20 years and individual homes examined must have an actual year
built date previous to 2003. This would ensure that the homes examined are
equipped with automated in-ground irrigation systems and the individual homes
would have established lawns previous to the temporal extent of the research.
Third, the communities examined must be hot spots of enforced violations. This
is to ensure that the results of the data accurately depict the effectiveness of the
restrictive policies and are not based on lack of access by the enforcement
officers. After all specified qualifications for community selection were met; a
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kernel density analysis using the Getis-ord Gi function was conducted within zip
code 33647 in order to determine which communities had clusters of cited
violations.

Mapping
A base map was created using GIS data from the Hillsborough County
Property Appraiser’s February of 2010 assessment.

Only parcels with single-

family homes with an actual year built date previous to 2003 were used for the
map. This created the landscape from which to determine the areas of focus.
Sampling methods were utilized to minimize the data due to the large volume of
data that had to be individually recorded for each month for each parcel. The
three hot spot communities of West Meadows, Hunter’s Green, and Arbor Greene
were chosen due to high incidences of enforced water restriction violations and
availability of water usage data. Each parcel with an associated single-family
home built before 2003 within each of these communities was systematically
numbered for quick reference. 225 total homes within the specified communities
(49 West Meadows, 112 Hunter’s Green, and 64 Arbor Greene) were chosen by
random number generation software, which represented approximately 10% of
the homes built before 2003 within the aggregated communities.

The 225

sampled homes would provide for a 6.31% margin of error at a 95% confidence
level from the total population of 3,203 single-family homes. The address of the
selected home was used to query the GOVNET database. The water usage data
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was manually collected for the temporal extent of the study. To form the GIS
dataset, the following attributes were recorded for each of the selected homes:
address (ADDRESS), the parcel’s square footage (PSQFT), the presence or
absence of a pool (POOL), citation dates (CITATION1, CITAION2, CITATION3),
neighborhood name (NEIGHBORHOOD) and monthly water usage from
December of 2003 through November of 2008.

Organization of Data
The temporal extent of the analysis was chosen by selecting equal
intervals of once a week and twice a week watering restrictions starting and
ending with the same month.

Twice a week irrigation restrictions went into

effect November 25th of 2003 and were terminated by once a week irrigation
restrictions on May 5th of 2006.

Therefore, the temporal extent of the data

would begin June of 2004 and end May of 2008 for a total of 48 months. This
would encompass 24 months of twice a week watering restrictions (June of 2004
to May of 2006) and 24 months of once a week watering restrictions (June 0f
2006 to May of 2008). The individual months were then grouped into seasons
named wet, moderate, and dry based upon local rainfall data and historical pan
evaporation rates. The rainfall data was collected from a weather data collector
maintained by the USGS located approximately 8 miles from the study area. The
rainfall data was then adjusted by historical evapotranspiration rates determined
by NOAA for the Tampa metropolitan statistical area to establish grouped
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seasons based on actual data. The wet seasons includes the months of June,
July, August, and September. The moderate seasons includes the months of
October, November, December, and January.

The dry seasons includes the

months of February, March, April, and May.

Examining the Relationship Between Key Factors

Swimming Pools
The second step of the research was to analyze the effect that swimming
pools had on water usage. This step of the research was crucial in determining
the direction of the subsequent methods. The average monthly water usage of
homes with pools and homes without pools were calculated to determine if there
was a significant relationship between water usage and pool ownership.

Rainfall
Next, domestic water usage was tested for any relationships with rainfall
patterns. This was accomplished by obtaining the overall monthly average of
water usage through June of 2004 to May of 2006 (Period 1) and comparing it to
the overall monthly average of water usage through June of 2006 to May of
2008 (Period 2). The Pearson’s r correlation coefficient was calculated by using
monthly rainfall totals and monthly water usage totals for each of the two
periods. The correlation coefficient was calculated for the study area as a whole
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and for each individual community during both periods to determine which
community, if any, had the most effect on water resource use in the area. The
correlation coefficients will be tested for significance by determining the critical
value at a 0.05 confidence interval.

Seasonality
The fourth step of the research detailed the relationship between
seasonality and water usage. This was realized by dividing the data into months
of wet, moderate, and dry conditions based on monthly rainfall and local
evapotranspiration rates. Next, a comparative analysis was initiated by obtaining
the overall monthly average water usage within each season through June of
2004 to May of 2006 (Period 1) and comparing it to the overall monthly average
of water usage within each season through June of 2006 to May of 2008 (Period
2). The percent change in water usage from Period 1 to Period 2 was calculated
to determine if water usage changed with the changes in restrictions. Statistical
values were formulated by conducting t-tests to derive p-values in order to
determine if the change between periods were statistically significant.

In

addition, the communities were analyzed individually to identify differences in
water usage patterns between communities.
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Analysis of Cited Violators and Uncited Homes
The research details the relationship seasonality had with water usage
amongst homes that received citations for violating irrigation restrictions.

A

comparative analysis was performed by obtaining the overall monthly averages
of water usage within wet, moderate, and dry seasons for Period 1 and
comparing them directly to the overall monthly averages of water usage within
wet, moderate, and dry seasons for Period 2 for cited violator homes. The
percent change in water usage from Period 1 to Period 2 was calculated to
determine if violators changed their water usage habits as restrictions changed.
In addition, the cited violators within the individual communities were analyzed
to determine differences in the response to enforcement between communities.
The difference in water usage for cited violators and uncited homes within each
community for each period were also calculated in order to determine if the cited
violators skew the data of the overall sample.
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Chapter 6: Results

Determination of Examined Communities
In order to distinguish which communities would be used for this research
a kernel density analysis was conducted for area code 33647 (Figure 2) to
determine clusters of cited violations within the zip code using the Getis-ord Gi
function. Throughout the temporal extent of the research there were 8,860 cited
water restriction violations within the entire city of Tampa, and of that 8,860
approximately 52% (4,588) of the cited violations were recorded within zip code
33647. There was a high density of enforced violations within the communities
of West Meadows, Hunter’s Green, Arbor Greene, Heritage Isles, and Corey Lake
Isles. The two communities of Heritage Isles and Corey Lake Isles do not meet
the three specified criteria for being included into the research.

These

communities lack major construction prior to the study period and therefore do
not have a sufficient number of single-family homes to include within the
analysis.
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Analysis of the Relationships Between Key Factors

Swimming Pools
The data suggests that swimming pools have an irrelevant relationship to
water consumption within the study area.

Approximately 62% of the homes

sampled had pools on property, which accounted for a total of 141 homes with
the average usage of 14,565 gallons per month. The 84 homes that did not
have pools had and average monthly usage of 14,535 gallons per month. The
difference in water usage between homes with pools and homes without pools
was 0.21% (Table 1).

Table 1. Average monthly water usage for all homes with and without pools
Number of Homes

Usage

Standard Deviation

With Pool

141

14,565 gal

2386 gal

Without Pool

84

14,535 gal

1897 gal

No further inquiry was preformed due to the negligible difference between the
two groups.

Rainfall
Historical and potential evapotranspiration rates place Tampa into a water
deficit. The adjusted rainfall for historic pan evaporation places Tampa with a
water surplus primarily during June through September and deficits all other
months with the exception of February 2006 during the temporal extent of the
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research. The following figure details the actual monthly surplus and deficits
from June 2004 to May 2008 (Figure 3).

Figure 3. Monthly surplus/deficits for June 2004 to May 2008. This figure
indicates the actual adjusted rainfall obtained from local rainfall data and
historical pan evaporation rates.
At a 0.05 confidence interval, the critical Pearson r-value was calculated to
be 0.4044. There is a significant negative correlation with rainfall and water
usage throughout the entire study area.

As a whole, all communities had a

Pearson correlation coefficient (r) value of -0.5940 for June2004 through May
2006 (Period 1) and an r-value of -0.5875 for June 2006 through May 2008
(Period 2) (Table 2). Therefore, when precipitation increases domestic use of
water decreases and when precipitation decreases water usage increases as
expected.
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Table 2. Correlations between usage and rainfall during once and twice a week
restrictive regimes
Community
Name
ALL
West Meadows
Hunter's Green
Arbor Greene

Twice a Week
r Value p-value
Sig.
-0.5940
.0017
Y
-0.4447
.0259
Y
-0.4959
.0117
Y
-0.6954
.0001
Y

Once a Week
r Value p-value
Sig.
-0.5875
.0020
Y
-0.2269
.2754
N
-0.4933
.0122
Y
-0.7583
.0001
Y

The community of West Meadows had an r-value of -0.4447 for Period 1
and an r-value of -0.2269 for Period 2 (Table 2). Period one’s value establishes
a significant negative correlation between rainfall and monthly usage; however
Period two’s value, although negative, is not significant. The community of
Hunter’s Green had an r-value of -0.4959 for Period 1 and an r-value of -0.4933
for Period 2 (Table 2).

Both periods’ values establish a correlation between

rainfall and monthly usage. The community of Arbor Greene had an r-value of 0.6954 for Period 1 and an r-value of -0.7583 for Period 2 (Table 2). Both of
these values establish a highly significant negative correlation between rainfall
and water consumption. Figure 4 depicts the actual rainfall in inches throughout
the 48-month study.

There is a consistent trend during that holds true to

seasonality.
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Figure 4. Annual rainfall data. Data that spans from June 2004 to May 2006
represents twice a week irrigation restrictions. Data that spans from June 2006
to May 2008 represents once a week irrigation restrictions.
The period with the least rainfall was during June 2005 to May 2006.

This

drought condition is what placed this region into SWFWMD Phase 2 drought and
prompted immediate policy action to return to a once a week watering regime.

Seasonality
The average monthly water consumption of all the communities as a
whole from June 2004 to May 2006 (the period of twice a week irrigation
restrictions) was 14,045 gallons, and from June 2006 to May 2008 (the period of
once a week irrigation restrictions) was 15,048 gallons. This would account for a
7.14% increase in usage from twice a week to once a week irrigation restrictions
with a t-test p-value of 0.846 (Table 3).
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Table 3. Community mean water consumption
Community Name
ALL
West Meadows
Hunter's Green
Arbor Greene

2X Week
14,045 g
12,525 g
14,137 g
15,027 g

1X Week
15,048 g
12,566 g
15,993 g
15,325 g

%!
7.14%
0.33%
13.13%
1.98%

t-test
0.197
0.934
0.063
0.732

p-value
0.846
0.360
0.951
0.472

Peak usage was in March of 2007 with an average usage of 20,341 gallons
during once a week irrigation restrictions (Figure 5). Water usage was greatest
March through May in both 2006 and 2007.

Figure 5. All communities average monthly water usage. Data that spans from
June 2004 to May 2006 represents twice a week irrigation restrictions. Data that
spans from June 2006 to May 2008 represents once a week irrigation
restrictions.
The community of West Meadows had a monthly average of 12,525
gallons from June 2004 to May 2006, and a monthly average of 12,566 gallons
from June 2006 to May 2008. This would account for a 0.33% increase from
twice to once a week irrigation restrictions with a t-test p-value of 0.360 (Table

!

$"!

3). The peak usage for West Meadows was in April of 2006 with average usage
at 17,699 gallons during twice a week watering restrictions (Figure 6).

Figure 6. West Meadows average monthly water usage. Data that spans from
June 2004 to May 2006 represents twice a week irrigation restrictions. Data that
spans from June 2006 to May 2008 represents once a week irrigation
restrictions.
Remaining consistent with the overall results of the combined communities,
water usage was greatest March through May in both 2006 and 2007.
The community of Hunter’s Green had a monthly average of 14,137
gallons from June 2004 to May 2006, and a monthly average of 15,993 gallons
from June 2006 to May 2008. This would account for a 13.13% increase from
twice to once a week irrigation restrictions with a t-test p-value of 0.951 (Table
3). Peak usage for Hunter’s Green was in March of 2007 with average monthly
usage at 24,592 gallons during once a week irrigation restrictions (Figure 7).
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Figure 7. Hunter’s Green average monthly water usage. Data that spans from
June 2004 to May 2006 represents twice a week irrigation restrictions. Data that
spans from June 2006 to May 2008 represents once a week irrigation
restrictions.
Remaining consistent with the overall results of the combined communities,
water usage was greatest March through May in both 2006 and 2007.
The community of Arbor Greene had a monthly average of 15,027 gallons
from June 2004 to May 2006, and a monthly average of 15,325 gallons from
June 2006 to May 2008. This would account for a 1.98% increase from twice to
once a week irrigation restrictions with a p-value of 0.4719 (Table 3).

Peak

usage for Arbor Green was in May of 2006 with an average usage of 22,924
gallons during twice a week irrigation restrictions (Figure 8).
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Figure 8. Arbor Greene average monthly water usage. Data that spans from
June 2004 to May 2006 represents twice a week irrigation restrictions. Data that
spans from June 2006 to May 2008 represents once a week irrigation
restrictions.
Remaining consistent with the overall results of the combined communities and
each individual community, water usage was greatest March through May in both
2006 and 2007.
The average wet season (June through September) water consumption of
all the communities as a whole from June 2004 to May 2006 (Period 1) was
11,743 gallons per month, and from June 2006 to May 2008 (Period 2) was
13,499 gallons per month. This would account for a 14.96% increase in usage
from twice a week to once a week irrigation restrictions (Table 4).

Table 4. All communities seasonal mean water usage (N=225)
Season
Wet
Moderate
Dry

!

2X Week
11,743 gal
14,146 gal
16,248 gal

1X Week
13,499 gal
15,268 gal
16,378 gal

% Change
14.96%
7.93%
0.80%

$)!

Standard Deviation
2057 gal
1326 gal
3042 gal

The average moderate season (October through January) water consumption
was 14,146 gallons for Period 1 and 15,268 gallons for Period 2. This would
account for a 7.93% increase in usage from twice a week to once a week
irrigation restrictions (Table 4). The average dry season (February through May)
water consumption was 16,248 gallons for Period 1 and 16,378 gallons for Period
2. This would account for a 0.80% increase in usage from twice a week to once
a week irrigation restrictions (Table 4).

The community of West Meadows

average wet season water consumption was 11,252 gallons per month for Period
1 and 12,417 gallons for Period 2. This would account for a 10.25% increase in
usage from twice a week to once a week irrigation restrictions. The average
moderate season for West Meadows was 12,624 gallons for Period 1 and 12,315
gallons per month for Period 2. Which accounts for a 2.25% decrease in usage
from twice a week to once a week irrigation restrictions (Table 5).
Table 5. West Meadows seasonal mean water usage (N=49)
Season

2X Week

1X Week

% Change

Standard Deviation

Wet

11,252 gal

12,417 gal

10.35%

1222 gal

Moderate

12,624 gal

12,315 gal

-2.25%

868 gal

Dry

13,700 gal

12,967 gal

-5.35%

2350 gal

The average dry season for West Meadows was 13,700 gallons for Period 1 and
12,967 gallons per month for Period 2.

This would account for a 5.35%

decrease in usage from twice a week to once a week irrigation restrictions (Table
5). The community of Hunter’s Green averaged wet season water consumption
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was 11,859 gallons per month for Period 1 and 14,350 gallons for Period 2. This
would account for a 20.01% increase in usage from twice a week to once a week
irrigation restrictions (Table 6).

Table 6. Hunter’s Green seasonal mean water usage (N=112)
Season

2X Week

1X Week

% Change

Standard Deviation

Wet

11,859 gal

14,350 gal

21.01%

3136 gal

Moderate

14,012 gal

15,826 gal

12.95%

1875 gal

Dry

16,541 gal

16,617 gal

7.63%

3922 gal

The average moderate season for Hunter’s Green was 14,012 gallons for Period
1 and 15,826 gallons per month for Period 2. This would account for a 12.95%
increase in usage from twice a week to once a week irrigation restrictions (Table
6). The average dry season for Hunter’s Green was 16,541 gallons for Period 1
and 16,617 gallons per month for Period 2. This would account for a 7.63%
increase in usage from twice a week to once a week irrigation restrictions (Table
6). The community of Arbor Greene averaged wet season water consumption
was 11,766 gallons per month for Period 1 and 12,855 gallons for Period 2. This
would account for a 9.26% increase in usage from twice a week to once a week
irrigation restrictions (Table 7).
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Table 7. Arbor Greene seasonal mean water usage (N=64)
Season

2X Week

1X Week

% Change

Standard Deviation

Wet

11,766 gal

12,855 gal

9.26%

1789 gal

Moderate

15,576 gal

16,617 gal

6.68%

1587 gal

Dry

17,741 gal

16,504 gal

-6.97%

2817 gal

The average moderate season for Arbor Greene was 15,576 gallons for Period 1
and 16,617 gallons per month for Period 2. This would account for a 6.68%
increase in usage from twice a week to once a week irrigation restrictions (Table
7). The average dry season for Arbor Greene was 17,741 gallons for Period 1
and 16,504 gallons per month for Period 2. This would account for a 6.97%
decrease in usage from twice a week to once a week irrigation restrictions (Table
7).

Water Usage of All Cited Homes
Of the 225 sampled homes there were 67 or approximately 30% homes
that had received one or more citations for violating water use restrictions for
irrigating. The following results are for the 67 homes that were enforced during
the temporal extent of this research. The average wet season water consumption
of all cited violators within all communities as a whole for Period 1 was 12,598
gallons per month, and for Period 2 was 14,633 gallons per month. This would
account for a 16.15% increase in usage from twice a week to once a week
irrigation restrictions (Table 8).
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Table 8. All communities cited violator’s mean water usage (N=67)
Season

2X Week

1X Week

%Change

Standard Deviation

Wet

12,598 gal

14,633 gal

16.15%

2346 gal

Moderate

15,315 gal

17,161 gal

12.05%

1741 gal

Dry

17,535 gal

18,981 gal

8.25%

3758 gal

The average moderate season water consumption was 15,315 gallons for Period
1 and 17,161 gallons for Period 2. This would account for a 12.05% increase in
usage from twice a week to once a week irrigation restrictions (Table 8). The
average dry season water consumption was 17,535 gallons for Period 1 and
18,981 gallons for Period 2. This would account for an 8.25% increase in usage
from twice a week to once a week irrigation restrictions (Table 8). Peak usage
with the enforced homes remains consistent with the entire 225 homes sampled,
with peak usage occurring during March of 2007 (Figure 9).

Figure 9. All communities cited violator’s average monthly water usage. Data
that spans from June 2004 to May 2006 represents twice a week irrigation
restrictions. Data that spans from June 2006 to May 2008 represents once a
week irrigation restrictions.
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The community of West Meadows average wet season water consumption was
12,057 gallons per month for Period 1 and 12,400 gallons for Period 2. This
would account for a 2.85% increase in usage from twice a week to once a week
irrigation restrictions (Table 9).

Table 9.
(N=9)
Season

West Meadows cited violator’s homes seasonal mean water usage
2X Week

1X Week

%Change

Standard Deviation

Wet

12,057 gal

12,400 gal

2.85%

1886 gal

Moderate

12,484 gal

13,840 gal

10.77%

1300 gal

Dry

15,004 gal

14,718 gal

-1.91%

2601 gal

The average moderate season for West Meadows was 12,484 gallons for Period
1 and 13,840 gallons per month for Period 2. Which accounts for a 10.77%
increase in usage from twice a week to once a week irrigation restrictions (Table
9). The average dry season for West Meadows was 15,004 gallons for Period 1
and 14,718 gallons per month for Period 2. This would account for a 1.91%
decrease in usage from twice a week to once a week irrigation restrictions (Table
9). Peak usage with the enforced homes of West Meadows remained consistent
with the entire 49 homes sampled, with peak usage occurring during April of
2006 (Figure 10).
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Figure 10. West Meadows cited violator’s average monthly water usage. Data
that spans from June 2004 to May 2006 represents twice a week irrigation
restrictions. Data that spans from June 2006 to May 2008 represents once a
week irrigation restrictions.
The community of Hunter’s Green averaged wet season water consumption was
12,138 gallons per month for Period 1 and 15,020 gallons for Period 2. This
would account for a 23.74% increase in usage from twice a week to once a week
irrigation restrictions (Table 10).

Table 10. Hunter’s Green cited violator’s homes seasonal mean water usage
(N=34)
Season

2X Week

1X Week

% Change

Standard Deviation

Wet

12,138 gal

15,020 gal

23.74%

3665 gal

Moderate

13,875 gal

16,640 gal

19.93%

2403 gal

Dry

16,869 gal

20,652 gal

22.43%

6137 gal

The average moderate season for Hunter’s Green was 13,875 gallons for Period
1 and 16,640 gallons per month for Period 2. This would account for a 19.93%
increase in usage from twice a week to once a week irrigation restrictions (Table
!
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10). The average dry season for Hunter’s Green was 16,869 gallons for Period 1
and 20,652 gallons per month for Period 2. This would account for a 22.43%
increase in usage from twice a week to once a week irrigation restrictions (Table
10). Peak usage with the enforced homes of Hunter’s Green remained consistent
with the entire 112 homes sampled, with peak usage occurring during March of
2007 (Figure 11).

Figure 11. Hunter’s Green cited violator’s average monthly water usage. Data
that spans from June 2004 to May 2006 represents twice a week irrigation
restrictions. Data that spans from June 2006 to May 2008 represents once a
week irrigation restrictions.
The community of Arbor Greene averaged wet season water consumption was
13,533 gallons per month for Period 1 and 14,938 gallons for Period 2. This
would account for a 10.38% increase in usage from twice a week to once a week
irrigation restrictions (Table 11).
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Table 11.
(N=24)
Season

Arbor Greene cited violator’s homes seasonal mean water usage
2X Week

1X Week

% Change

Standard Deviation

Wet

13,533 gal

14,938 gal

10.38%

2490 gal

Moderate

18,414 gal

19,236 gal

4.46%

2271 gal

Dry

19,487 gal

18,407 gal

-5.54%

2444 gal

The average moderate season for Arbor Greene was 18,414 gallons for Period 1
and 19,236 gallons per month for Period 2. This would account for a 4.46%
increase in usage from twice a week to once a week irrigation restrictions (Table
11). The average dry season for Arbor Greene was 19,487 gallons for Period 1
and 18,407 gallons per month for Period 2. This would account for a 5.54%
decrease in usage from twice a week to once a week irrigation restrictions (Table
11). Peak usage for Arbor Greene was different for the enforced homes than the
entire sample of homes from the community.
October of 2005 with 24,768 gallons (Figure 12).
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Peak usage occurred during

Figure 12. Arbor Greene cited violator’s average monthly water usage. Data
that spans from June 2004 to May 2006 represents twice a week irrigation
restrictions. Data that spans from June 2006 to May 2008 represents once a
week irrigation restrictions.
Water Usage of All Uncited Homes
Of the 225 sampled homes there were 158 or approximately 70% homes
that did not receive any citations for violating water use restrictions for irrigating.
The following results are for the 158 homes that were under enforcement during
the temporal extent of this research, but did not receive any citations. The
average wet season water consumption of all uncited homes within all
communities as a whole for Period 1 was 11,259 gallons per month, and for
Period 2 was 13,009 gallons per month.

This would account for a 15.54 %

increase in usage from twice a week to once a week irrigation restrictions (Table
12).
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Table 12. Mean water usage of uncited homes (N=158)
Season

2X Week

1X Week

%Change

Standard Deviation

Wet

11,259 gal

13,009 gal

15.54%

2010 gal

Moderate

13,619 gal

14,461 gal

6.18%

1129 gal

Dry

15,678 gal

15,282 gal

-2.53%

2922 gal

The average moderate season water consumption was 13,619 gallons for Period
1 and 14,461 gallons for Period 2. This would account for a 6.18 % increase in
usage from twice a week to once a week irrigation restrictions (Table 12). The
average dry season water consumption was 15,678 gallons for Period 1 and
15,282 gallons for Period 2. This would account for a 2.53 % decrease in usage
from twice a week to once a week irrigation restrictions (Table 12). Peak usage
with the uncited homes occurred during May of 2006 (Figure 13).

Figure 13. All uncited homes average monthly water usage. Data that spans
from June 2004 to May 2006 represents twice a week irrigation restrictions.
Data that spans from June 2006 to May 2008 represents once a week irrigation
restrictions.
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When comparing the monthly mean seasonal usage of all the enforced homes to
the monthly seasonal average of all the unenforced homes, the enforced homes
had greater usage during every season for Period 1 and Period 2. The percent
change ranged from 10.70% during the wet seasonal monthly average of Period
1 to 24.27% during the dry seasonal monthly average of Period 2 (Table 13).

Table 13. Cited homes vs. uncited homes seasonal mean water usage
Season

!

Uncited

Cited

% Change

Standard Deviation

Wet 2X Week

11,380 gal

12,598 gal

10.70%

2085 gal

Mod 2X Week

13,650 gal

15,315 gal

12.20%

1424 gal

Dry 2X Week

15,702 gal

17,535 gal

11.67%

3238 gal

Wet 1X Week

13,018 gal

14,633 gal

12.41%

2112 gal

Mod 1X Week

14,465 gal

17,161 gal

18.64%

1973 gal

Dry 1X Week

15,274 gal

18,981 gal

24.27%

4018 gal
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Chapter 7: Discussion

The empirical results present several important findings pertaining to
water usage within the specified northern Tampa communities. Swimming pools
have a negligible effect on water usage with only a 0.21% difference in
consumption between pool owners and non-owners within the sampled
communities. This negligible difference in water usage allowed the research to
deem pool ownership as an insignificant contributor to domestic water
consumption, thereby determining landscape irrigation as the primary contributor
to outdoor usage. Furthermore, water used to irrigate a portion of the lawn
where a pool would be placed could be equal or of greater magnitude. However,
this was not determined within this research.
The quantity of average monthly rainfall proved to be the greatest
indicator of water usage patterns. Each community’s water consumption had a
significant negative correlation with precipitation, with the single exception of the
community West Meadows during Period 2. Overall each community depicted
high responsiveness to rainfall with relation to domestic water usage. The data
suggests as rainfall increased, domestic water consumption decreased.

In

addition, as rainfall decreased, domestic water consumption increased within the
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study area. This could be attributed to the utilization of rain sensors. When
visually surveying the study area all homes were section 373.62 Florida Statute
compliant. This statute requires all automated irrigations systems be equipped
with a functional rain disengagement system to interrupt the operation of the
irrigation system during and shortly proceeding rain events for all homes built
after 1991.

This would provide an excellent explanation for the negative

correlation between adjusted rainfall rates and domestic water consumption.
This research did not attempt to qualify the functionality of any individual homes
rain sensors. Conversely, statute 373.62 does require the sensors be checked
for functionality at least once annually. In addition, the City of Tampa provides,
at no cost to the consumer, rain sensors to homeowners that have automated
irrigation systems. Proper installation of the rain sensor in conjunction with
setting the sensor to the proper threshold is paramount to achieve the dual goals
of water conservation and acceptable turfgrass quality (McCready et al., 2009).
Research suggest that rain sensors are the least effective water saving
technologies available to consumers.

The use of soil moisture sensors and

evapotranspiration controllers are much more effective at reducing irrigation
water (Haley et al., 2010).

However, the data obtained from measuring the

effect of precipitation on domestic usage within the communities helped to
create the idea of the analyzing the community’s water usage by seasonality.
Each community’s water consumption increased when Tampa’s irrigation
restrictions transitioned from twice a week to once a week irrigation allowances.
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The p-values derived from t-tests of each of these communities resulted in no
statistical significance even though there were increases in usage from Period 1
to Period 2.

Peak usage within each community remained consistent with

highest usage taking place March through May in 2006 and 2007, thereby
providing more evidence to the relationship between rainfall and consumption.
These months represent the driest months with relation to rainfall adjusted with
evaporation rates.

Tampa Ordinance 2006-104 was produced to mitigate

domestic usage of water resources by decreasing the number of irrigation days
from two to one day a week. It is assumed that usage would have decreased in
Period 2 when the allotment of water for irrigation was reduced to half its
previous measure.

However, all communities examined within this research

increased usage after the transition. Thus, it can be assumed that the examined
communities were not compliant with the more stringent watering restrictions.
When accounting for seasonality, the communities as a whole increased
water consumption during all seasons. Nevertheless, Hunter’s Green boasted the
largest seasonal increases during wet, moderate, and dry seasons during the
policy transition from twice a week to once a week irrigation restrictions.

This

again provides further evidence that Hunter’s Green representation skewed the
overall averages. This could possibly be a product of larger parcel sizes and
larger landscaped areas within the parcels.
Of the 225 sampled homes there were 67 cited violators that received one
or more citations for violating water restriction ordinances.
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The overall results

of the cited violators show increases in water consumption in Period 2 when
using Period 1 as a baseline. The community of Hunter’s Green boasted the
largest increase in usage for each season.

Their large increases in usage

throughout each of the seasons provide mounting evidence that Hunter’s Green
violators skewing the overall results for the combined communities of cited
violators.
The uncited homes represent 158 homes of the 225 sampled. There is a
clear indication that the cited violators of the water restrictions shifted the results
of the entire 225 sampled homes to depict a greater increase in water usage
after the wet season’s transition from Period 1. This suggest that the primary
violators are being cited for there violations, but their water usage behavior was
not effected enough to decrease usage. This could be attributed to the small
fine for violating or a change to watering schedules that are more difficult to
enforce.
When comparing cited violators directly to uncited homes there was a
consistent pattern depicted. Cited violators had greater usage during each of the
seasons when compared to uncited homes. The quantity used and percentage
difference between Period 1 and Period 2 of cited violators in relation to uncited
homes produces evidence that the violators of the irrigation restrictions use a
disproportionate amount of the total water usage within the study area.
The results of this research depict an apparent disregard to the
restrictions set forth by the City of Tampa’s Legislators. This disregard to the
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rules can be a product of many differing external aspects relating to
enforcement, contradicting policies, and the culture of normative landscape
practices.
With regards to enforcement, the city is deficient in the essential financial
and human resources needed to prosecute all violators. Therefore, it is highly
debatable whether or not the legislators can adequately enforce the restrictions
(Houck, 2002). There are two primary complications with enforcement, which
include the delay of action subsequent to the violation and insufficient penalties
to economically recoup enforcement expenditures (Houck, 2002).

The cited

violators within this research were the greatest users of the water resources on
average. Nevertheless, their usage behavior did not significantly change when
the restrictions transitioned to a more stringent regime. Perhaps the violators
simply calculated the options of either paying a minimal citation fee or risk
replacing their highly invested in landscape.

The insufficient penalty paid for

violation not only is not great enough in significance to the violator to change
behaviour, but also is not sufficient to recoup the cost of the enforcement
mechanism.

The low fine for violating irrigation restrictions creates an

atmosphere where the cited violator would favor to pay the fine rather than
adhere to the restrictions requirements (Alsharif, 2010).
With regards to contradicting policies, the ordinances produced by the City
of Tampa create a major dilemma for homeowners that are bound by community
binding directives that in essence promote difficulties in adherence to irrigation
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restrictions. There is a perceived and measured association with maintained
monocultured landscapes and property values that homeowner associations
sustain focus on (Laverne and Windson-Geildeman, 2003). Many homeowner
associations require groundcover that needs high inputs of water to maintain an
aesthetically pleasing appearance and most species of turfgrass require two and
three scheduled irrigations a week to maintain expectable turfgrass quality
during summer months (Trenholm et al., 2002). Tampa’s ordinances restricted
watering to one and two times a week during the temporal extent of this
research with no regard to landscape watering requirements or time of year.
This positions homeowners into a dilemma whether or not to adhere to irrigation
restrictions. The fine for violating any water restriction per Tampa Code 26-97 is
$100 dollars for the first offence, $200 dollars for the second, and $450 and a
mandatory court appearance for the third and any subsequent offences. These
appear to be suitable monetary penalties that would promote adherence to the
restrictions. Nevertheless, the cost for replacing 1,000 square feet of turfgrass
ranges from $300 to $1,000 depending on the species of turf and if the
homeowner has the physical ability to execute the laborious task of instillation.
The estimation of price does not include the price of irrigation needed to
establish the lawn, which currently is not restricted by Tampa ordinances. The
enforcement of the restrictions is also bound by time.

Violators of the

ordinances can water their lawn seven days a week if the homeowner sets their
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automated irrigation system to operate in the middle of the night when irrigation
compliance officers are not available.
With regards to the culture of the lawn, research suggests that people
associate well-maintained landscapes with home values and community
connectivity (Robbins et al., 2001). Researchers also contend that the aspiration
to sustain one’s yard may be motivated in part by the desire for neighborhood
solidity and/or conflict avoidance (Hirsch and Baxter, 2009).

In addition,

residents may perceive conformity with water restrictions as a sign of
neighborhood degradation and therefore are encouraged to avoid conflict with
neighbors by maintaining normative yard care standards (Hirsch and Baxter,
2009). It can be debated that the greatest part that the lawn plays in the social
process is ideological; supporting a set of concepts and standards about the way
a society should be organized (Feagan and Ripmeester, 2001).

The multiple

dynamics of enforcement, contradicting policies, and the general culture of
normative landscape practices provide clear disincentives for compliance to
irrigation restrictions.
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Chapter 8: Conclusion

The primary goal of this research was to examine water usage within
deed-restricted communities and to determine if the irrigation restrictions of the
City of Tampa are effective. Within the study area it is evident that the policies
set forth by the city’s legislature were ineffective.

Cited violators used a

disproportionate amount of total resources allocated to the area, which can
provide evidence that violators are not changing habits due to enforcement.
Cited violators increased usage from once a week to twice a week irrigation
restriction allowances to a greater magnitude than their uncited counterparts.
Nevertheless, uncited homes within the study area also increased usage when
transitioning from twice a week to once a week irrigation allowances.

The

community of Hunter’s Green had the largest increase of domestic usage after
transitioning from once to twice a week irrigation restrictions, thereby skewing
the all community aggregated data. Hunter’s Green also had the highest
representation of the sampled homes accounting for approximately half of the
homes examined.
When examining key environmental and recreational factors, rainfall was
found to have a significant negative correlation with water usage. In addition,
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swimming pools had negligible effect on water usage when comparing homes
with and without swimming pools. This could be attributed to a reduction in the
size of the lawn due to the presence of the pool, and the subsequent reduction
in irrigable area.
Many homeowner associations require groundcover that needs high inputs
of water to maintain an aesthetically pleasing appearance and most species of
turfgrass require two and three scheduled irrigations a week to maintain
expectable turfgrass quality during summer months (Trenholm et al., 2002).
Tampa’s ordinances restrict watering to one and two times a week during the
temporal extent of this research with no regard to landscape watering
requirements or time of year. This positions homeowners in a dilemma whether
or not to adhere to irrigation restrictions. The homeowner’s lawns within the key
communities examined within this research maintain pristine lawns year-round,
thus providing further evidence that the homeowner’s do not comply to the city’s
water restrictions and place primacy to their community binding directives
produced by their home owners association that stipulate pristine lawns.

Implications and Recommendations
The objective of domestic irrigation restrictions is to decrease usage of
water resources. This studies results display the contrary. Area code 33467 is
the most enforced area of the entire city, and water usage increased within all
communities that were observed when the restrictions were change from twice a
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week to once a week watering. With domestic irrigation accounting for 61% of
domestic usage within Florida, it would be assumed that restricting irrigation to
half the amount of the previous restrictive regime would at least slightly
decrease domestic consumption.
The data suggest that domestic irrigation is more responsive to rainfall
than restrictions.

Homeowners seemingly ignored the mandatory irrigation

restrictions during the drought conditions of Period 2 and increased usage to
protect their lawn. This rationale for non-adherence must be addressed in order
to articulate sound policies to the suburban communities of north Tampa more
effectively.

Ignoring the dilemma between restrictive policies and community

binding directives, and not constructing fundamental change to the enforcement
mechanism, in essence promotes non-compliance.
Inventive methods for mitigating domestic water resources are a must.
The only way to obtain an exact measurement of water used for irrigation is by
separate metering. A command and control policy initiative that requires homes
to retrofit automated irrigation systems with a separate metering device in
conjunction with highly tiered irrigation pricing has the potential to mitigate
usage much more effectively than current policy.

The City of Tampa should

create a no cost or reduced cost voucher system similar to its rain sensor
program that can provide homeowners an incentive for retrofitting their irrigation
systems.

In addition, the city should establish an automated metering

infrastructure that could reduce the city’s expenditures after the initial
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investment. Increasing the availability of reclaimed water throughout the entire
city could also be an option; conversely the direct cost for such infrastructure
could be very high. Nevertheless, the ineffective domestic irrigation restrictions
require a thorough revisit by Tampa’s water management team to address
conservation efforts more effectively.

Additional Research
Further research would focus on determining the relationship between
parcel size, home size, and domestic water usage. This could provide useful
information towards understanding if water use increases proportionately with
increases in parcel size and help determine if the size of the home has a
significant relationship to water usage.

Examining the relationship between

home value as a proxy for income level and water usage within Tampa
communities would also provide valuable information.
Qualitative research with regards to water restriction adherence and
knowledge could be another avenue of exploration. This could provide a further
understanding of reasons and rationales for compliance and non-compliance of
irrigation restrictions. This thesis works with several assumptions with regards to
individual behavior and reasons for non-compliance to the restrictions.

The

effects of community solidarity, confrontation avoidance, and conflicts with local
policy and community binding directives could be measured more effectively with
a qualitative study.
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